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creasing the period of safe plant growth from 210 days 
near the shores to 190 da s at  distances only 20 to 35 
miles inland, a difference or20 da . Differences in soils 

In the mountain districts of t,he. Blue Ridge (see Sg. 1) 
we have a striking exam le of the protectin influence of 

vailin westerly winds. On the western or windward 

lmd Valley, the frost period extends into the first week 
of May and reappears in the fall in the first decade of 
October, showin a period of safe plant, gr0wt.h of about 

the period is lengt.henec1 to 190 dags, and even 200 days, 
the freeing temperatures disappeaiing about Apiil 15 
and reappearing in the. third decade, of October. In the. 
mountain dietncts the variations in the 1engt.h of t.hc 
season are to some extent due to cold-air drainage cluripg 
clear and calm nights and can nut be altogether nttrlb- 
uted to the protecting influefice of the niount,ains against 
the cold westerly winds. 

I n  the most western county of Maryland w e  find 
another factor entering int.0 the length of t.he period of 
safe plant growth, namely, t.hat of elevation, as shown by 
%re 1. The general level of Garrett County is not far 
from 2,500 feet above sea level, with eeks rising t.0 3,000 
feet. He.re we have a very c1ecide.c P shortening of the. 

eriod, injurious frosts extending into the early days of 
fune and appearing again about the middle or Septein- 
ber, showing a enod of safe plant, growth of but little 
more than 100 B ays in the areas esposed to intense noc- 
turnal radiation and to estmsive air drainage. 

TEE PROGRESS AND PRESENT STATE OF RESEARCH 

am doubtless in part responsible T or these variations. 

a mountain range stretckng across the pat f; of the pre- 

side o f the Blue Ridge, in the lower levels of the C’umber- 

160 days. On t fl e eastern or protectzed side of the Ridge 
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ON Tgg: EVAPORATION O F  MOISTURE IN THE AT- 
MOS-RE. 
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e lectured on meteorology at the Universit,y nnd the Polytec-nikum 
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&e present aper. 88 noted above, was revised by ita author and 
prepared for uthcation in 1901; publication has been delayed €or the 
reasonsstat.efin the REVIEW for February, 1911. p. 93.-c. A . ,  jr.] 

The evaporation of moisture was for a long t.inie tot.a.lly 
n lected in meteorology 8s n mat.ter of observation, 
alt Yl ough it is one of the most, important, of the elements 
whose concurrence constitutes t.he went.her. Kiinitz in 
his Meteorology in 1831 gives only t.liree pages t o  this 

henomenon and ment.ions only t,lie observat,ions of 
balton in England and of soiiie others made at: vuious 
places in fiance and Holland. Schubler in his Msteor- 

Sahmid of 1831 gives his own resu1t.s atTubingen. 
great treatise of 1860 knows no other observat.ions 

than those already mentioned, by K h t s  and SchlLbler, and 
on page 600 he says: “The total result, of these observa- 
t.ions on evaporat.ion simply leads to the conclusion that 
it, is absolut.ely impossible t.0 determine even approxi- 
niat.ely t,he. quant.ity of moisture that passes from. the 
surface of the enrt.11 int.0 t,he at.mosphere during a gven 
tinie and at. a given place.” Althou h t,his conclusion 

vations niacle under diverse condit,ions may not be abso- 
lutely conipnriible and n1n.y differ in total amount from 
the quantities t.liat, evapornte from the ocean or the open 
surface of the lalid, still the researches and experiments 
on t.liis subject. are of gent. iniport.ance and furnish a use- 
ful fact.or wherewith to characterize t.he climate of a ’ven 
place. Moreover, t.lie observations organized by s i l d  
in Russiia and by H a m  in Aust,ris-Hungary show that 
the resu1t.s obt,ained with siniilar inst,runient.s similarly 
esposetl :ire comparable. Therefore, in spit.e of the dis- 
coiir~giiig words of Sclimid, t.he observations of the 
evaporat,ion of nioist.ure have not, been abandoned, but 
rather have been great,ly increased since 1860. The 
space conceded t.0 tbis present report does not allow me 
t.o coniniunicat e sll that, has been rtcconiplished wit.hin 
the past. 50 yenrs (lY43-1S92), but it may be sufficient 
t.o give t,he most. iniportnnt results. I shall divide this 
paper into t.wo port ions: Theory and Instruments and 
obserraticms. 

mag be true to a cerhin degree, and a 7 t,hougli the obser- 

THEORY. 

Tlie well-known physicist I)alt.on was among the first 
to endeavor to state the connection between evaporation 
and t.he elements on which it. depends. He gmes the 
following forliiulii for t.he r8t.e of evaporation: 

In  this forniula A is a constant, S t.lie maximum aqueous 
vapor pressure for the teniperat.in-e of the wat.er surface, 
s the achial vapor pressure present, in the Ri r ,  b the 
atniosplieric pressure. 

This es ression does not take into account the ver 

#. Weilennittnn, of Zurich, has t.reat,ed (1) t,he same 
problem. Tlie principle on which t,lijs theory is based is 
nmthemntically t.lie same as t,liat of the wave motion of 
the niolecdes of fluids, assuming e constant duration for 
t,he vibrat.ions in the same fluid. It also takes into con- 
sicler:it.ion t,he titmospheric pressure, b, which diminishes 
the aniplit,ude of t,he vibrations, and the niot,ion of the 
air which favors the renewal of that, which has become 
snt.orated wit.11 va.por. I t  further assunies t,hat the air 
moving close to t,he surface of t,he water becomes com- 
pletely snturntecl. By this t.lieory we find the following 
expression for t,he depth, h, uf the layer of water evapo- 
mt.eil in t,he t,ime z.  

ap reciab P e influence of t.he motion of the air or the win1  

where /3 and ,!?, arc! constantas; b the atmospheric pressure; 
.in., = G, - 9, , where G, is t.he weight of the vapor in a cubic 
nieter of saturated air a t  the temperature, tl, of the sur- 
fme lnger of evnporating water, and g1 the weight of the 
vapor actually existing in a cubic meter of air before con- 

1 See “An annotated bibllograph of eva oration,” M O ~ L Y  WEATEHEB REVIEW, 
June, 1908, to June, 1900. Also rep&ted.-#~rm~. 
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tact with the layer of water; w the velocity of thewind. 
If a psychrometer is observed in the vicinity of the evapo- 
rometer, we can express m, in terms of the temperatures, 
1 and t l ,  of the dry- and wet-bulb thermometers, and we 
thus find 

P 
b 

P where r =  - and r, = -1. are constants and T =  273' + t ,  is b 
the absolute temperature in centigrade degrees. 

If T, is the mean value of T we shall, with sufficient 
approsima tion, have 

3) h = LJ'it T m  - q a z +  p + J t  - t,)urdz 

and the rate of evaporation becomes: 

For any given station these expressions beconie: 

6) U=E(t-ttl)+El(t-tl)W 

where E and E ,  are constants for that station. 
These equations, assuminu the velocity of wind to be 

constant, express the law f rs t  enunciated by Tate (2) 
that the velocit of evaporation is proportional to the psv- 

below the dry-bulb. 
But as most publications of climatological data give 

only the temperature of the air and the a ueous vapor 

(t -tl)  by the ordinary psychrometric formula: 

chrometric d' Iffy erence, or the depression of the wet-huh 

pressure, it is necessary to recalculate t 1 e difference 

7 )  s , - s=Lb( t - t , )  

where 8, is the tension of saturated vapor a t  the tem- 
perature 1, of the wet-bulb; 8 the actual tension of vapor 
resent in the air a t  the temperature t of the dry-bulb; ! = 0.00066, when the ressures are expressed in ndlime- 

grade. For any given place b and k may be combined as 
being approsimately constant. Let 

ters of mercury and t g e temperatures in degrees centi- 

8) S , = S - n ( t - t , )  

where S indicates the tension of saturated vapor a t  the 
temperature t; then will LY vary with the temperature in 
a definite manner. 

273 
Putting "((a!+kb)(273+t) 

9) u = eqa + e,qwa 

and the deficit of saturation, 8, equals S,-s 
we have : 

8 and 8, are constant for the same station, but e,=e& 
de ends upon t,he atmospheric pressure b. 

%stead of integration we niust here use approximately 
a summateinn for each day individua.lly. It is, moreover, 
sufficient t.0 0perat.e wit,h the hourly mea.ns for each 
mont,h. 

This calculat,ioii ns effected for several stations, gives 
results t,ha.t accord sat.isfactorily with the observations. 
If D clesignntcs the monthly mean of qd, JV D the monthly 
mean of vwd, and r" t,he number of days, then the total 
monthly evaporation is: 

7~ = p[zD + yz  WD]. [See footnote 

The constants in this equation have been determined 
for several stations as follows: 

Vienna - - - - - - - - - - - - = 0.673 ; = 0 
Pola _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _  ,1~=0.736;  r = O  
St. Pet,ershurp. - . - - _ _  p=O.G75; r = O  
Paris (Piche evnporo- 

mctrr). - - - _ _  _ _  _ _  _ _  !1=0.769; r=0.055 
In the >rocecdings of t,he A4catleiiiy of I~~iicniia, Stefan (5) 

gives n tfieory of CVR. loration in continuat.ion of the ex- 
priments published b y him in 1S7-l. The espeiimenta 
were made on fluids more volatile than water and which 
(lid riot nbsorh water froni t'he air; the fluids were placed 
in tubes of s m d  tlia.mctcr whose upper ends were freely 
exposed. The following laws were deduced (4) : 

1. The rate of evaporation is proportional to the 
logarithm of a fraction whose numerator is the atmos- 

rric pressure and whose denominator is the difference r ,et,ween tho n.t.niospheric. pressure and the saturation 
vapor ressure. 

2 .  &c rstc of evaporation of a liquid in a tube is in- 
veisely proportioiial to the distitnce froin the open end 
of the tube dow~i tn the lcvel of t.he liquid. 

3. The rate of waporation, 'u., is independent of the 
dianirtnr of the tube. 

These three laws are expressed by the formula: 

it 11) .u.=xlog -2- 
P - 1'1 

where k is the constant of diffusion; p, the atmospheric 
pressure; tho saturation va or ressure; h, the dis- 
tance of t i e  P level of the l iquifbe6w the open end of 
t,lie tube. 

Stefan then shows that the equation for t8he rate of 
eva oration leads to a form of equation that shows the 
ana F ogy with conduction of heat and electrostatics. At 
t.hr surface of the liquid the air is saturated and the 
tension of the vapor diminishes with the distance from 
this surface. He also finds for the quantity of vapor, ZI, 
passing in a unit of time through any level surface in the 
tube above the liquid, at  which the vapor pressure is p,, 
the following expi esslon : 

au 
12) ~ = - k -  dn 

where 
v - P o  
I' - 2'1 

u= log - 

and where d i t  is an eleiiient of the noiinal to the level 
surface undirr consideration. For the steady condition, 
where the quantity which passes through any level sur- 

e 
~ [ N o r ~ . - I n  thisequation theauthor hassubstituted.u=#and r=&Snow represemtlng 

approximate generalizing Iactors that must be determined from the observations and 
are not to be codused wlth the r of equation @).e. A.] 
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face is ust e ual to the quantity evaporated, the condi- 
tion to B % ,  eful ed is  

aw aw a=u 
dza aya aza 13) -+-+-=O, 

where 2, y, z are the coordinates of the point in space at 
which the steady condition obtains. 

Stefan subsequently undertook the solution of the fol- 
lowing problem: In  an infinite lane, which neither gives 

there is a hole filled with liquid, so that its level surface 
coincides with that of the plane; the liquid evaporates 
into the infinite atmosphere over the plane; it is .re- 

uired to calculate the quantity of vapor, V, passing 
&om the liquid into the air when the evaporation has 
reached the stationary condition. 

For 8 circular surfacc, or tube, he finds the quantity of 
evaporation : 

out nor absorbs vapor, nor a B ows it to pass through, 

14) v-4ak log P - 2’1 
V=4ak etc., 

and for small values of p ,  and p o  this becomes: 

where a is the radius of the circle and the other quantities 
have significations as already defined. 

The quantity of eva oration, therefore, is not propor- 

circumference of the basin. 
This result is also app.licable to an ellipt4ical circumfer- 

ence if the eccentricity IS not! more than 0.96. 
The quantity of evaporation from a surface whose 

radius T ia less than a is: 

tional to the surface o P the evaporating liquid but to the 

- 
16) Vl= (1 -d1 -e) a2. 

If the level of the evaporating surface is at a distance, h, 
below the edge of the vessel, then the quantity of evapo- 
ration dimimshes in the ratio: 

r-A 
r 
- 

This investi ation is ceI tainly very interesting. For- 

(1) of Weilenmann, or of the Dalton forniula, which 
represents the rate of evaporation without considering 
the influence of the motion of the air, or the wind. But 
if the quantity eva orated is proportional to the circum- 

must be in @verse ratio to the radius, and we must reach 
the conclusion that in a ver extended vessel, as, for 

On December 33, 1861, E. Stellin (6) presented to the 

the Evaporation a t  Pavlovsk.” He uses the Dalton- 
Weilenmann equation in the form: 

mula (15) has t B e same form as the first term of equation 

ference of the vesse P then the depth of evaporated liquid 

instance, the ocean, the dept 3: evaporated would be 0.  

Academy of Sciences at St. Peters % urg, a twatise “011 

tion (7). A and B are constants, v the quantity of water 
evaporated; S the va or pressure for saturation a t  the 
temperature 01 the sur!ace of the water, and 8 the actual 
vapor pressure of the vapor present in the air. The ob- 
servations at  Pavlovsk wore made with an evaporometer 
floating in a basin so that the two levels of the water, 
within and without, were at  the same heights; he finds 
sufficien t accordance between observation and calcula- 
tion. 

Prof. Cleveland Abbe (6) proposes to employ the 
evnporometer in a shelter, as an integrating hy ometer. 
He Illustrates this by the observations of Fitz 8 erald (7) 
made in 1876-1883 at the Chestnut Hill Reservoir near 
Boston, where the following formula is given: 

18) E=O.O166(Tr-~)(l+) W) 

E is the de th of water evaporated hour1 

ature of the water, also expressed in inches; v the maxi- 
mum vapor pressure for the dew-point of the free air 
before it, has had access to the evaporating surface; w 
the velocity of the wind, expressed in miles per hour, a t  
the evaporating surface itself. From this formula the 
avernge dew-point for an hour or any other interval re- 
sults as follows: 

inches; 1’ t Yl e rna-ximum vapor pressure P or expressed the temper- in 

60E 19) v =  v=- 
l + * w  

Already in 1862 Tate (2, v. 23, p. 130) had proposed a 
certain form of evaporometer answering the purpose of a 
hygrometer (8). 

Prof. Thomas Russell (9) communicates the lines of 
equal eva oration for the United States ?f North Amer- 

made at  the stations of the Signal Service. Basing hi9 
studies on the above-mentioned treatise of Stelling (5) 
and on observations made. in 1888 at 19 stations with 
the Piche apparatus, which he reduces to observations 
over an open water surface and for a mean velocit of 
the wind of 13 kilometers (8 miles) per hour by diviling 
by the factor 1.33. Russell finds that the uantity evap- 

icn, as cn F culated from the psychrometric observations 

orated can be expressed in inches by the fo f lowing: 

’ is the vapor pressure for the temperature of the 
where wet-bu 4 b a.nd p” the vapor pressure for the dew-point, 
both being expressed in inches. 

Dr. W. Ule (10) speaks of the evaporating power of a 
climate, meaning thereby the greater or-less ability of 
the sir to desiccate n body. This desiccating power must 
be proportiona.1 t.0 the vapor tension of .the air and we 
hnvo a measure of taliis climatic element in the variation 
in weight of a body. 

from each other. Ule thinks that the weighing a 

tion. 
nt.ion by the following new formula: 

The intensity of the desicoatin 
ower and the rate of desiccation are to be distinguishe t 

of Wild is well adapted to deterniine the rate o ?xa:atus esicca- 
He endeavors to calculate the quantity of evapor- 

17) v = A J ( S l - s )  +BJ(S,-S)W, 21) u=AP(t- t ’ )w 

which is obtained by assuming the barometric iessure 
aa constant and substitutin m e uation (8) of %&n- 
m-, as above given, the va 7 9  ue o (t - t l )  from his eqiin- 

where A is a constant, H is the sign of summation, 2 
and t’ the two psychrometric temperatures, or dry-bulb 
and wet-bulb, w the velocity of the wind. This is identi- 
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cd  with the second part of niy formula (5) above given; 
but this sin le expression can not be correct since it indi- 
cates that t % ere would be no evaporation when w=O. 

De Heen (11) publishes t,he results of observations on 
the evaporation when a current of gas flows over a liquid 
and finds the following equation for bhe rate of evapo- 
ration : 

22) ~=AF(100-0.88f)JV 

where F is the vapor pressure for saturation a t  the tem- 
erature of the liquid,fis the percentage of the relative 

Eumidity of the air before evaporat-ion, V the velocity 
of the current, A is a constant. 

measured tlie evaporation from water and earth. By the 
same method Gasparin observed at Orange, France, in 
1821-32. The annual evaporation and rainfall as found 
by these observers were: 

I I 

d i m .  

INSTRZfMENTS AND OBSERVATIONS. 

Instruments. 

Several arrangements have been proposed for the pur- 
ose of obtaining precise results lnth the least possible 

fabor. The first observations were made by simply weigh- 
ing a vessel filled with water at  stmated times. The suc- 
cessive steps in the developnient of evaporcmieters were 
as follows: 
1869. Lamont, a t  Munich in 1869, described his evap- 

orometer which consisted of two communicating tubes, 
one of them surmounted by a broad open basin for evapo- 
ration, the other having a piston and micrometer for the 
measurement of the depth evaporated. 
1872. Prettner (12) employed a vessel in the form of 

a rain gage; it has a stopcock nea.r t-he bottom by which 
the water equivalent of any rain that has fallen into the 
gage may be drawn off; there is also a fine sheam of 
water at  comiiiand by which tlie level of water in the 
eva oronieter nia be carefully raised a.t stated t,imes 

1573. Piche, in France in 1873, proposed a graduated 
tube closed at  the upper end, filled with water, and having 
the lower end covered with a small circular piece of bibu- 
lous paper froin whic.11 talle moisture evaporat>es. By rea- 
son of the chea ness of this appratus,  it  has found niany 
applications, ciiefly in Fra.nce, although its indications 
are much in excess of tlie evaporation froni an open water 
surface in a vessel. 
1874. F. Osna hi (131, of Vienna, proposed an evap- 

oronieter in the P orni of a balance, with an indes which 
is brought back to the first or standard reading by the 
addition of water flowing froni a graduated tube. This 
instrument ca.n also be adapted for self-registration. 
1875. John Grejlier (141, ci€ Munich, construc.tcd an 

apparatus in which a definite quaiit-ity of water a.f t.er 
evaporation, flows into a graduated vessel for nieasure- 
nient and is then thrown away. 
1875. The only method practicable throughout both 

sunimer and winter is that of weighing, and, in 1875, Wild, 
of St. Petersburg, provided 30 stations in Russia with 
instruments of liis own invention consisting of a balance 
whose lever carries on one side the evaporating vessel 
while the other side is provided with a weight to counter- 
balance tlie vessel, and ends in an indes showing, on a 
graduated scale, the quantity of moisture evaporated. 

h a l o  ous methods of observat.ion have been used in 
Austria f or 20 years under the direction of Hann. 

daig, to the need r e point that! indicates a constant lovel. 

Obs€?rntiion~8. 

As already mentioned, the observations b Dalton in 

come the publications of Maurice at  Geneva, 1796-97, who 
England, and Schiibler in Germany, are the o P dest. Then 

Schiibler, a t  Tubin en, obtained 647 nim. as  the annual 

series of 14 years' duration obtnined 1627 mm. as the 
annual eva oration in the full sunshine. Schiibler also 
investigate (!/ the iiifluenc.e of the wind, and found on the 
average ttn evaporation in windy weather double that in 
calm weather. The maxiiiiuni rate of eva oration 
occurred with northwest winds in sunimer a n i  south- 
west in winter; the iiiinimum rate, with southwest winds 
in suninier sild sout,heast in winter. In 1826 Schubler 
found that :I thickly grown field of grass during July and 
August evaporated twice as much as a surface of open 
water, both grass and water being in the shade. Smce 
lS40, observations 011 evaporation have been made at 
3hdeira and in the Azores; the annual amounh are: At 
Delgada, 765 nini.; St. Miguel, 1,050 mm;. Funchal, 
2,037 nini. 
In 1855 Prof. Chapman, of Toronto, Canada, compared 

the evaporation of salt sea. water with that of fresh lake 
wnter and found that the former was 54 er cent of the 
latter. In July, 1867, Prof. Ragona, of bodena, Italy, 
obtained nearly the same results, but found the per- 
centage to vary with t.he temperature and moisture of 
the air. 

According to Hartig forest a.reas eva orate less than an 

found during the season of vegetation that the daily 
evaporation from one square foot of writer surface was 
about 1 cubic inch, corres onding to a.n n.vera.ge depth 
of about 1 line, or one-twelft Yl of an inch; for naked earth 
he found 0.60 line and for forest 0.35 line. Lawes states 
that a wheat plant evaporates in one da ten times ih 

and the evapora tioii diminishes (16). 
Dufour (IS), of Lmsanne, published the results obtained 

siiice 1865 with his appnmtus, which he calls the Si& 
meter and which is exposed to full sunshine. He found 
the annual average evaporation for the interval 1865-1870 
to be 756 nim. and the avera.ge rainfall 924 mm. 

Pfa.ff (17) in 1870 published his investigations on the 
influence of trees on the moisture of the sir and the 
ground. Observations were niude four tinies a day from 
May 18 to October 24. The evaporation from the 
branches was two or three tinies greater by da.y than by 
night; from fresh branches three a.nd onethird times 
greater in the suiishine t,han in t,he shade. IJnger had 
found the same result. The coni arison with evapora- 

from 1 to 13 tinies greater than the evaporation from an 
equal surface of leaves. The loss of water from a tree by 
evaporation is eight and onethird times the amount of 
ra.infnll on an area equal to that covered by the crown 
of the tree. 
1873. Ebermayer, of Munich, in 1873 published the 

results of observations made in Bavaria on the influence 

evaporation in the s f a.de. Stark, a t  Augsburg, from a 

equivalent sui4rtc.e of .water or of nake B earth. Schubler 

own weight of water; in dry weather the P eaves are slack 

tion from an open water surface s 8 owed the latter to be 
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of the forest on moisture and evaporation. The mean 
of the years 1868-1870 shows that the evn.poration from 
the forest as compared with the evaporation in the open 
field is 35 per cent in summer. 30 in t.he n.utumn, 47 in 
the winter, and 45 per relit ill the spriii . In the forest 

equal surface of wster. The minimum ratio of the evapo- 
ration in the forest to that in t,he open field is 36 per cent 
in October nnd the iiinximum is 56 per cent in April. A 
cover of litter lessens the evaporation by 40 or 50 per 
cent in the forest and by 22 per cent in the open field. 
The evaporation froni overgrown round covered with 

from litter. 
1874. Mari6-Davy, of Paris (Annuaire de Mont- 

aouris, 1873), gives a review of the observations hitherto 
made relating to the evn oration from the ground and 

The first observations are 
those of Maurice and Gas arin already mentioned. Then 

at Calhves, Vaud, Switzerland, who prepred a field of 
13.3 hectares for nieasurenients of the raiiifnll and of the 
water drained from the ground. He found that 011 the 
average the rainfall was 971 nini. and that 256 nini. of 
the water flowed off, leaving a difference of 715 mm. to 
re resent the evaporation. But if the field was well 
cu P tivated, in the summer time nothing ran off for a 
rainfall of from 30 to 100 nim. a month. In 1S69, 
Risler alsd measured the quantity o€ water at, various 
depths in the soil; on August 24-26, during very dry 
weather, and on September 10 and 11, after a con- 
siderable rainfall. In  the springtime on digging into 
the ground he found that the water penetrated to a depth 
of 0.31 ni. in broken soil; but only 0.29 m. in meadows, 
0.14 m. in turf, 0.04 ni. in a forest of small oaks, and 0.03 
m. in a forest of tall oaks. 

1869. At Montsouris near Paris, in 1869, July 30-85, 
MarikDavy observed the eva oration of plants with the 

field of beans, 25.7 nim.; of juniper, 16.8 mni.; aiid of 
thuja 12.8 nim. He found the evaporation from branches 
of trees to be as follows: Red beech, 8.2 per cent of t.he 
evaporation from open water; poplar and linden, 5.1 per 
cent; oak, 4.5 per cent; elin, 3.4 per cent. Similar es- 

eriments were made b Risler in 1870-71. He calcu- 

vertical cgliii er extending from the top of the foliage 
down to a base of 1 square meter of the surface of the 
ground and found the following daily a.vera.ges in milli- 
meters: Lucerne (niedicago), 3.4 to 7.0; meadows, 3.1 
to 7.3; wheat, 3.7 to 2.8; corn (maize), 2.3; fir trees 
0.5 to 1.1; oak trees, 0.45 to 0.8. 

1871. H. C. Russell, S dney, New South Wales, has 

1879. Von Hoinel (IS), of Vienna, in the “Mitthei- 
lungen a. d. forstlichen Versuchswesen Oesterreichs,” Bd. 
11, pp. 47-90 (Abstract in WoUny Forsch.,. 1881, IV, pp. 
435-445), published an interesting treatise “On the 
Transpiration of Forest Trees com ared with the Mete- 
orologcal Relations of the Forest!’ He mentions the 
earlier researches, esteeming those by Wollny of Munich 
as the best,. These were made on plants wit,h roots 
growing in zinc pots. He himself operated on whole 
trees five or six years old and from 50 to SO centimeters 
high, growin in pots, taking all the necessary precau- 
tions. Von Sohnel found great1 varyin5 amounb of 
water lost through the leaves. &is expenmenta, made 

the eva oration from the naked grouii % saturated to a 
depth o P oiiehalf a foot, is a little more than that from an 

litter is 85 per cent of that from t 5 e same surface free 

its relation to the rniiifal. P 
came the results obtaine (Y by E. Risler (18) in 1867-1869, 

following results: From a fie1 x of turf, 33.4 mni.; from a 

ated the eva oration P roni the leaves contained in a P 
I f  

made and regular1 publis g ed observations si1ic.e 1871. 

from June to November 30, 1878, on 20 different species 
gave as the minimuni loss 3,307 grams of wat.er per 100 
grams weight, of dry leaves of the black fir; trhe maximum 

. was 67,987 gams  of water lost by 100 rams weight of 

area covered by the trees was found t,o be more than 
sufficient for restoring the water lost cy transpiration. 
Wollny has shown t,liat in the summer time nearly all of 
the rain wat.er can he used u 1 by t,he plants. One hectare 
of la.nd covered wit;h beed  trees, averaging 115 years 
old, evaporat,es during the growing period from 3.6 to 5.4 
millions of kilograms; a single beech tree on an average 

hut’ in trhe suninier t.ime t>he daily averawe is 75 h .p” ograms. day; 
for the whole season evapors.t,es 50 kilograms 

For snialler trees from 50 t,o 60 years ord the correspond- 
ing amounts are ‘7.33 niillion kilograms ger  hectare per 
season? and 10 and 15 kilograms per t,ree aily during the 
season and cluring t,he summer, respectively. For trees 
from 30 to 40 years old t,he amounts are 0.68 million kilo- 
gms per hectare during t>he season and 1.0 mid 1.4 kilo- 
grams per tree daily during the season and during the 
sunimer, respect!iveIy. The nniouiit of rainfall during the 
same season of vewtabion, June t.o No\-ember, 1578, was 
a t  least 3,000,000 hograms )er hectare and for t.he whole 
year 7,OOO;OOO kilograms. h i e  wat,er lost IN transpire 
tion in a summer’s day from 1 hect,are of beeches is 
45,000 kilograms for the kees 115 years of age; 20,000 
for trees 50 or 60 yertrs of age; uncl 5,000 for t,rees 30 or 

the dry leaves of t,he birch. Tlie rstinf a% on the ground 

- -  
40 years of age. 

1880. E. Stelline (20). of Yt. Pet.ersbur,a. ~ublishes the . - ,  
annual variation or evaporat.ion at) 20 Ris’sian stations 
since 1875. The variat.ions dopencling on geographical 
position are exceedingly large; t,he total annual evapora- 
tion varies from 351 nim. a t  Novo-Alexandria to 2,321 
mm. a t  Petro-Alexandrovsk. 

Prof. Th. Langer (21) from observations with 
four Piche evaporometers a t  Mijdling, near Vienna, finds 
the following relative result,s : Calling the aniount evapo- 
rated in the sunshine and ordinary air 100; in the sun- 
shine but near a great, basin of water it, was 9S.3; in an 
instrument shelter (von Lorenz pattern) ,SS.3; in the ordi- 
nary wooden shelter of t.he meteorological station a t  
Modling, 83. 

Carl Eyer (22) publishes the results of observa- 
tions on the influence of the ph+vsical and chemical rop- 
erties of t,he,soil on its evaporatvingpowcr. His wor l! - was 
done in the 1aborat.ory and esponnient field at  Munich, 
and he stat.es several genernl connections hetween evap- 
orat,ion, tmhe moisture of t,he ground, trhe deptsh from 
which evaporation conies, the nature of bhe surface, tthe 
organic and inorganic cont.ent6 of t,he soil, t.he fineness 
and coarseness of t,lie soil, it,s color, its covering of living 
plants or of dead and dry material, its inclination to the 
sun’s rays, etc. Tlie laws deduced by him are of great 
interest but are so numerous that I have not the space 
to coiiiniunicate all of them. In the saturated state all 
kinds of soil evaporate nearly t,he amount. The 
loss of water at, the surface is restored from below by 
capillariby as long as t.he water st’ored up in tshe soil 
esceeds 50 er cent. of its maximum capacity. After this 

insolation, wind, etc., in producing further evaporation 
is appreciably diminished. Garden mold evaporates the 

plant,s evaporates t,he greatest quantity of wat,er; one o 5 most water; sand evaporates least. A cover of livin 

of dr materials trhe least. Adding salts to the soil in the 
usu J quantities for fertilizing purposes has no appreciable 
effect on the evaporation. 

1882. 

1884. 

superficial f ayer has been greatly dried the influence of 
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1881. J. B. Lawes, J. H. Gilbert,and R. Warington 
($33) in their treatise on t.he amount and composition of 
the rain water and drainage wat,er a.t Rot,hamsted coni- 
municate investigations macle hy ineans of the lysiniet.er, 
using vessels the surfaces of which were each 0.001 of an 
acre, and which were filled wit,li soil in it,s natural stat.e. 
For the period 1870-1FSO t,liey found t.he following 
average result@ : 

Rothaiiisted eimpurat ion wsiilts, IS70-IS80. 

I Inchf8. ; Inches. Inches. 
lli.36 I 4.39 1 11.97 

Total, year .....I 31.03 I 13.49 I 17.55 

April-Se tember 
October-gaarch..:::::i 14.67 I 9.10 5.55 

I 

1887. John Murray (24’) gives t.ht. aalculatcd total 
annual rainfall on the land surfacc of t,he globe, based on 
the rain maps of Loomis and a coiiipnrison of the “run- 
off ” and t,he eva oration a t  clifYcArrnt latit.udrs, from 
60’ N. to 40’ S. Eor t,lw tohl  land surfacv of the globr 
the annual rainfall amounts t.o 1 I 1,800 cuhic kilolnrtcm; 
the water running off is 34,liOO a.nd the water cvnporatecl 
is 87,200 cubic kilometers. 

1886. Doni. Ragona (25) givcs the relative eva ora- 

positions and altitudcs. Bt bot.li st.ations t,hc intxxiniuiii 
ratio follows the minimum of actual evaporation a t  an 
interval of 113 days, and the minimum ratio follows the 
masiinum eva oration a t  the saiiir interval of time. 

1890. Ang. gatclli (26), of R.iva, near T u I ~ I ~ ,  has made 
comparative nieasurcnien bs of the evaporation froiii oprn 
water and saturated soil in sunshine and in shadc. He 
finds that more water is eva.pora.tec1 during t.he period of 
rising temperature, from th! nioist soil t.han from the sur- 
face of water; but, with falling teni craturc less is evapo- 

increasing velocity of the wind the evaporation froni open 
water increases more rapidly than from the nioist ground. 
An increase in the huniidity of the air favors evaporation 
from the ground more than evaporat,ion froni water. 

1890. Prof. Alesander Wocikofl (21 )  replies to a criti- 
cism on his work on the evaporation from ancl t.hc con- 
densation on snow and ice surfacrs, and st,ates that, thv 
observations of Weyprecht show t.hat in winter timc t.hc 
evaporation is greater t>han the condensation and that, in 
grncral this is true whencvcr t.hc dew point is lower t.lian 
the melting point of ice. Dr. P. A. Mullt~r (28) of St. 
Petersburg confirms Woeikoff’s st.atenien t. by niea.ns of 
obscrvations, madc Rt. the request of Abcls, at  Cathexinen- 
burg from Dcceniber 31,1G00, t.o February 28,1891, which 
showed that evaporation took place during 73 prr cent 
of the hours of observat,ion, but condensation during only 
23 per cent. 

1889. Symons (29) enumerates several eva.porometei s 
and quotes the results obtained by their use. Among 
these Col. Rogers Field, observing a t  Stmratrlificld Turgiss 
from 1870 to 1883, with a water basin of (339 square fect 
area and 2 feet deep, found t.he mean annual evaporation 
to be 448 mm.; the minimum was 347 mm. in 1879 a.nd 
the maximum 599 nim. in 1570. The same vessel es- 
osed in London by Symmis gave 90 mni. less than at, gtr athfield. 

1892. Prof. Franklin H. King (30) ublished his 

tion in sunshine ant1 shadc at two stations having di B erelit 

rated from the p o u n d  than from t. g e watw. During a.n 

“Observations and Ex eriment~ on the d uctuations in 
the Level and Rhte of s ovement of Ground Water on the 

Wisconsin Agricultural Experiment Farm and at  White- 
wat,er, Wis.” The observations were begun in 1888 with 
the design of investigating how far tho daily periodic 
evaporation froni naked gound or soil corered with vege- 
t.a.tion coulcl influence t,he umtity of water stored up in 

sition, which was at first provided with 24 wells connected 
wit.h a system of drainage pipes; then 21 more were 
added, in digging which due regard was had to tho 
variations in the topopaphy of the land, distance to 
stmanding water, character of the soil, and the kinds of 
vegetation. After 1591 self-registering instruments of 
his own invmtion were emplo ed. There was found to be 
a variation in t.he height of t e level of the ground water 
in inverse ratio to the changes of atmospheric pressure, 
but in the same direction as the changes in temperature; 
in thc neighboihood of cultivated ground the level of the 
ground water was depressed more than near naked 
ground. 

In these few l i n ~ s  I have attemped to mention the most 
iniport,ant researches on evaporation, bot-h thcoretical and 
piactical. For want of spa.ce i t  was impossible to enu- 
niwatr t h  results of the regular observations now being 
madc in Russia, Austria-Hungary, Germany, France, 
It.aly, England, and t,he United States, which are regu- 
larly published, as well as those a.t Manila and the Azores. 
I hopc that nothing importmt. has been omitted. 

the soil beneath. A field o P 11 hectares was at  his dispo- 
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REPORT or THE XETEOROLOUICAL STATION AT BERK- 
ELEY, CAk,  FOBTHE YEAR ENDING JUNE 30,1013.’ 

By WILLIAM GARDNER REED, Ph. n. 
[Dated University of California, Berkeley, Cal., Apr. 7,1014.1 

The University of California has carried on meteoro- 
logical work at Berkeley (lnt .  37’ 52’ N., long. 122’ 16’ W. 
Gr.; H,98meters;ht, 1.5meters; h,, 4.6meters) sinceOcto- 
ber 16, 1886, in cooperation with the United States Signal 
Service and its successor, the Weather Bureau. This 
work was a part of the wtivities of the Students’ Observn- 
tor uiitil July 1,1912, when it passed to the Department 
of B eography.. This report is the first of a series of annua.1 
re orts to be lssued by the university. 

?luring the fiscal year ending June 30, 1913, the follow- 
ing observat,ions were made a t  Y a. in. and S p. m. Pacific 
time : 

1. Temperature of the a.ir (dry-bulb thermometer). 
2. Temperature of evaporation (wet-bulb thermoni- 

eter). 
3. Maximum temperature in the preceding 12 houis. 
4. Minimum temperature in the preceding 12 hours. 
5. Pressure of the air. 
6. Amount of cloud, and weather. 
7. Wind direction and estimated velocity. 
8 .  Precipitation in the preceding 13 hours. 
In  addition to the observations a t  the regular hours, R 

and cha.r- 

has been made to record occaslonal meteorologic,al h e  
nomena of interest. The recording instrunients fave 
furnished continuous records of air temperature, air 
pressure, and relative humidity ; these automatsic records 
are complete from the times of the instn.llation of the 
instruments and are correct except for such errors as nre 
inherent in the instruments aiid which are not laige. 

The results of the observations have been recorded as 
made upon blank forms of the United States Weather 

record has been kept of the 
vailing wind direction of each 
and ending of prcci itation, 

character and pre- 
times of beginning 

acter of fog, and o ;P the occurrqnce of frost; an ntteiiipt 

1 Abuimd of University of California Publications m Geography, v. l(No.8).pp.247- 
306, hrued Apr. 7,1914. 

Bureau. In  addition to the figures obtained b obser- 

vation : Air pressure, corrected for temperature and local 
ravit ; air pressure a t  sea level; dew point; relative 

!unii&y; rind wessure of aqueous vapor. The range of 
teiiipernture ana the mean temperature for each day, the 
chaiige froni the mean of the preceding day, and the tota.1 
precipitation for ea.ch day have been computed. 

The instruments were exposed on the campus of the 
University a t  Berkele , 19 kdonieters (12 miles) east- 
northeust from the Golden Gate and the Pa&c Ocean. 
The slope froni the campus to Snn Francisco Bay is 
entle, about 90 meteis, 300 feet,, in 3 kilometers, 2 mdes. 40 t.he eitst the Berkeley Hills rise ebruptly to elevations 

of over 300 meters, 1,000 feet, above sea level. The 
thernionieter shelter and the rain gage are located a t  the 
Students’ Observatory, on the west side of a small hill. 
TKis location probably provides ood air draina e, with 

mometers are probably higher tShuii those a t  the bottom 
of the valley a few hundred meters awn . 

A summary of the meteorological con&ions at  Berke- 
ley for the year will be found in Table 1 [omitted]. 

It was deemed advisable to use the C. G. S .  system of 
absolute units as this report begins a new series and no 
previous reports have determmed the style so that 
rational units may be used without coni lication. For 
this reason the question was decided who y on the basis 
of the proper units. 

Owing to a change in the thermometer exposure the 
teiiiperatures for the yen.r are not strictly comparable 
with those of preceding years. In general the tempera- 
tures under the freer new esposure show higher maxima 
and lower niininia than under the former conditions. 

Table 1 [omitted] shows the weather conditions for 
each month of the year. Days with less than three- 
tenths of the sky was cloud covered through the day, or 
on which the sky cloud covered for less than three-tenths 
of the time, were recorded as clear. Days with more 
than seven-t,ent,hs of the sky covered through the day, or 
~ l ~ ~ ~ i d y  more than seven-tenths of the time, were recorded 
as cloudy. All other clnys were recorded as part-ly cloudy. 
The partly cloudy days fall into two classes, those on 
which the sky was more than three but less than seven- 
tenths cloudy throughout the day, and those on which 
the sky WM overcast or nearly-so for a part of the day 
and clear for a part of the day; in either caae the avera e 

and seven-tenths. The type of clay on which the sky 
wlts partly clourlp throughout the day is more usual in 
the winter than in the siinimer months; it is generally 
associated wit,h the margin of a cyclone, and niax occur 
at  the beginning or toward the end of a passage mth  the 
center near the station, or during the passage ofma cydone 
witah the center a t  soiiie distance from the station. The 
other type of pa-rt,ly c.loucly dag is probably the more 
conininn at  Berkeley. In summer this type occurs with 
fng  or “high fog” in the morning or evening hours, or 
hot.h, while the greater part of the daytime hours are 
clear. In winter there is a similar condition when “tule 
fogs” have drifted southward from the marshes of Suisun 
Bag and the Sacramento River. 
cloudy day are the cyclonic, which is the firsbnientioned: 
and the noncyclonic of the summer and the anticyclonic 
of the winter, which together constitute the second type 
mentioned. 
The monthly estrenie tein eratures since the opening 

vation, the following have been coniputed for eac 1 obser- 

the result that temperatures a t  t Y ie location of t % e ther- 

amount of cloud for the day was between three-tent E s 

The two types of part1 

of the station are given in Ta % le 2. 


